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ABSTRACT 

Radiolarian, diatom, nannoplankton, and foraminifer assemblages were stu- 

died in detail in four key sections (Kantemirovka, Sergeevka, and 9540 

Rudaevka, 5-93 Boguchar boreholes) of the souüi and central parts of the 

Voronezh anticline area. The widespread middle Eocene sédiments lie uncor- 

formably on maris and limestones of Upper Cretaceous âge. Thcy are mainly 

composed by a transgressive-regressive succession of phosphoritic sands, 

maris, and siliceous clays ot the Kiev Formation in the Ukraine (or Sergeevka 

and Tishki formatioas in Russia) and by sandy clays and siliceous clays of the 

lower part of the Khar'kov Formation in the Ukraine (or Kas’anovka 

Formation in Russia). Lithologically, the cocval formations range from terri- 

gcnous-carbonate to siliceous-carbonate. The âge of the formations has long 

remained a point of discussion. Recent studies based on calcareous and, espe- 

cially, siliceous microplankton allowed a direct corrélation of these .sections 

with standard zonal scales. 
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RÉSUMÉ 

Stratigraphie des coupes clvs de l’Eochte dans la dépression du Dniepr-Donets 

fondée sur le microplancton calcaire et situeux. 
Les assemblages de radiolaires, diatomées, nannoplancton et foraminifères 

ont été étudiés en détail dans quatre séries clés (les coupes de Kaiitcmirovka 

et Sergcevka et les forages 9540 Rudaevka et 5-93 Bogueliar) des parties 

méridionale et centrale de la région de Tanticlinal de Voronezh. Les sédi¬ 
ments, largement rép.uidus, de TÉocène- moyen reposent en discontinuité sur 

des marnes et calcaires du Crétacé supérieur. Ils sont principalement compo¬ 
sés d’une succes.sion transgression-régression de sables phosphatés, de marnes 

et d’argiles siliceuses de la formation de Kiev en Ukiaine (ou les formations 
de Sergee\'ka et T'ishki en Russie) et par des argiles sableuses et des argiles sili¬ 

ceuses dam la partie inforieure de la lormation de Kl^ar'kov en Ukraine (ou 

de Kas'anovka en Russie). Lirhologiqucmcnr, les formations équivalentes 
vont des carbonates terrigcncs auü carbonates siliceux Lagc des formations 

est resté longtemps très di.scuté. Les études récentes* fondées .sur le micro- 
plancton calcaire et surtout siliceux permettent des corrélations directes avec 

les zones des échelles standart. 

INTRODUCTION 

The Palaeogene sédiments of the south-eastern 

slope of the Voronezh anticline, which aiso repre- 

sents the north-easi Bank of the Dnieper-Donets 

Dépression (scc Radionova et al.^ this volume, 

fig. 1), hâve been studied stratigraphically silice 

the 1960s, when the lithostratigraphic scheme 

was proposcd and usctl to subdividc thèse depo- 

sits (Semenov 1965). *1 lie PaUcogcnc deposits of 

the région represent a graduai tran.sition from 

typical faciès of the Dnieper-Donets Ba.sin 

(Ukrainian type of succession) to lacics of the 

Volga-Don Région. In the western part ol the 

area, a Ukrainian Utliostratigraphic schemc 

(Makarenko et al, 1987) is used. The Palaeogene 

of the marginal ea.st-northern areas of Dnieper- 

Donets Basin is subdivided according to 

Semenov (1965). In Volga-Don Région, the 

scheme of Kurlaev (1968) is used (Fig. 1). This 

faciès transition can be observed in sections stu- 

died in rhe présent paper. The presence of both 

calcareous and siliceous microplankfon in ail stu- 

died sections allowed us to correlate rhe Eocene 

part of ail llie sections. 

The Palaeogene succession of the western 

Kantemirovka and Sergeevka sections (Fig. 2) is 

very similar to thar of the central part of 

Dnieper-Donets Dépréssion and begiiis with 

dark green and greyish grcen mica-glauconite 

sands of Buchack Formation containing no 

macro- or microfossils. Up to chc section lies rhe 

Sergeevka Formation represenlcd by maris with 

sandy and clayey interlayers it ihe base. The 

superpo-s'ing Fishki Formation is coniposed by 

sandy noiicarbonate clays. Both Sergeevka and 

Tishki formations represent distinct transgressive- 

regressive cycle and arc believed lo correspond to 

the Kiev Formation of the LIkrainc, The overlap- 

ping KasVan Formation, as a rule, begins with 

sandy layer grading up to the section into sili- 

ceous clays. The uppermost Kantemirovka 

Formation is exposed in the Kantemirovka 

Section only and is compo.scd of sandy deposits. 

The Kas’yan and Kantemirovka formations 

rcpre^ciu the second transgressive-rcgressivc cycle 

and arc cocval co rhe Khar’kov Formation of the 

LTtraine. 

In rhe Boguchar Section, ihe Eocene formations 

are composed t)f facie.s different from that of the 

three western sections (Sei^eevka, Kantemirovka 

and Rudaevka). The lowermost sedimemary 

cycle includes lowermost Osinovo and Tchir 

beds, represented by more terrigenous sédiments 
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Fig. 1, — The Eocene lithostratigraphic scheme of the studied région. 

than chose of Sergeevka Formation, and browni- 

sh clays named Kuma Formation. The last for- 

marion corresponds in its sedimentary 

composition and stratigraphie position to the 

Kuma Formation ofche Northern Cis-Caucasia. 

Lithostratigraphical unies of souih-wcstern 

Russia (Voronezh anricline) can be considered as 

a reflection of the cransgressive-regressive succes¬ 

sion in the North Peri-Techys Région. A number 

of problems arise when the issues concerning the 

Palaeogene palaeogeography and detailed âge 

corrélation are to be approached. 

The first problem is the age span of the Kiev 

“mari" and ifs corrélation with eastern sections. 

The second problem lies in dctcrminlng the âge 

of the siliceou.s units, i.e., the upper part of the 

Kiev Formation and the lowcr part of Khar kov 

Formadon, and in coirclating them with cocval 

stratigraphie unies further east. 

SAMPLES 

Two sections — Kaniemirovka and Sergeevka — 

and two boreholes — 5-93 Boguchar and 9540 

Rudaevka - were sampled carefully during the 

field trip to the Voronezh anricline area in July 

1994. More than 100 samples were processed, 

and in 79 of them microfossils were foiind 

(Fig. 2A). 

Methods 

To stLidy siliceous niicro-organisms, each sampic 

was placed into a 400 ml glass  ̂desegregated 

mechanically» and chen hoiled for 15 minutes 

with addicion of about 50 ml of 30% hydrogen 

peroxide Each sample was soaked for 

one hour with distillcd water, rinscd, and the 

procedure was repeated undl the sctiling dme 

becaine about 5 minutes for radiolarians. Slides 

for radiolarian scudy were prepared on 24 X 

24 ram cover glasses and mounted in Canada 

halm on 24 X 80 mm glas.s slides. Samples for 

diatom study were mounted on 18 X 18 glass 

slides. Radiolarians were examined at X 400, and 

diatoms, at X 1000. 

For nannoplankton study, smcar slides from 

liquid alcohol suspension were made with 

Canada balm and examined at X 1000 with the 

use of immersion oil. 
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Fig. 2. — A, corrélation of studied sections of the eastern slope of the Dnieper-Donets Dépréssion. N,,2« nannofossil assemblage; 
F, foraminifera assemblage; radiolaria assemblage: D^.g, diatoms assemblage. B. samples number from the sections. 

Foraminifers were washed with the use of sieves 

and examined at X 25-30. 

MICROPALEONTOLÜGICAL ANALYSIS 

The corrélation of the foraminifera, nannofossil, 

silicoflagellate, radiolaria, and diatom zonal 

scales Liscd in chis papcr are shown in Figure 3. 

Results of micropalaeontological study of sec¬ 

tions are shown in Figures 2, 3 and Tables 1 ro 

13. Species were recorded as abundant (A) if  

more than 15 specimens were présent in the 

slide, as frequent (F) if 10-15 species were pré¬ 

sent, as common (C) if  3-9 specimens occurred 

in the slide, and as rare (R) if  1-2 specimens were 

found. 

Sergeevka Seciion 

Sergeevka Section, occupying the north-western- 

GEODIVERSITAS • 1999 • 21 (3) 457 



Khokhlova 1. E., Radionova E. P., Beniamovskii V. N. & Shcherbinina E. K. 

most position among the studied sections, is very 
similar ia litliologicd composition to the succes¬ 
sion ol the Dnicper-Donets Dépréssion. )t bcgins 
with dark grecn and greyish grcen mica-glauconi- 
tc sands oï the BuchaeJe Formation, which arc 
barren ot macro- and microtossils. Up to the sec¬ 
tion, the Kiev Formation represented by maris 
with sandy and clayey beds 7 m in thickness lies. 
These are ovetlain by the Kiev Formation: maris 
with sandy and clay beds 7 m thick. The upper 
part of ihc Kiev formation is composcd of sândy 
non-carbonatc clays, 5 m in thickness. The lowcr 
part of the formation is the samc as the 
Sergeevkâ Formation of .Semenov (1965) sche- 
me, and the uppex part of the KJe^  ̂Formation is 
équivalent to Semenov (1965) Tishki Formation. 
The lower part of the Khar'kov Formation 
(Kasyan Formation of Semenov (1965) scheme) 
begins with sandy layer passing upsection into 
siliceous clays, l'he exposed thickness of these 
sédiments, is about 5 m, Thcy arc unconformably 
overlapped by sands of Neogene (?) âge. 

NannofossUs 
At the base of the Sergeevkâ Formation in a 
sandy unit, a poor nannofossil assemblage (N: 
range of nannofossil assemblage in Figs 2, 3) of 
the middlc Eocene âge is présent. 
A rather abundant nannofossil association (Ni) 
including Cycliiargf^ltthus florieiarnis (Roth &C 
Hay in May et ni 1967) Biikry, Discoaster hnrba- 
diensis Tan, D. rjffdifcr  (Bramlcie & Riedel) 
Bukry, D. strictus Stradner, D. wctnmelensts 
Achuthan 6c Stradner, Retiaihfene^trn dictyodn 
(Deflandre in DcBandre & Fcri), Stradner in 
Strander 6c Edwards, etc, was found in maris of 
the Sergeevkâ Formation (Table l). Nevcrthcless, 
the absence of any boundary 2onal markets docs 
not allow us to judge whether it belongs to rhe 
uppermost C'PI3 Nannotetrinn quadrnta or 
lowermost CP 14 Retiadojhmtrn lonhilica zones. 

Foraminifern 
In the maris ol the Sergeevkâ Formation, an 
abundant and well-prcservcd benthic foraniinile- 
ra association (F: range ot foraminifera assembla¬ 
ge in Figs 2, 3) contains Spiroplectammina 
pishvanovae A. V. Furssenko 6>L K. B. Furssenko, 
Clavulinoides sezaboi (Hantkcn), Vagimdinopsis 

deeorntn (Reuss), Cibicidoides biumbonatus (A. V. 
Furssenko 6c K. B. Furssenko). Uvigerina spino- 
coitata Cushman & Jarvis (= Uopkimia hykovae 
ukrainien Kraeva), U. cosullnta Morozova, 
Bîdimina madlentn Cushman àC Parker. B, cooki 
Cushman (Table 2). This assemblage can be rela- 
ted to the middic-upper [.utetian Pseudo- 
cldvulinâ subhotinae-Uvigerirui spinocostata- 
Bolivinn caukd régional zone (Naidin et al. 1994; 
Radionova er j/. 1994). 

Radiolxtrin 
The most ancient radiolarian assemblage (R: 
range of radiolarian assemblage in Figs 2, 3) was 
found in the middle part of the maris ot the 
Sergeevkâ Formation (Table 3) and is represented 
by Clnthrocyclas niininta Clark & Campbell, 
Pleliüdisius helinsterisius Clark 6c Campbell, 
H. dupla Kozlova, Üpongomclissa sp. A, 
Lithornelissa sp. A, CalaycLu semipolita Clark & 
Campbell, ibteosphaern minor Campbell & 
Clark, Siyhnrochm radinms Lipman, Theocyrtis 
lidm Clark 6c Campbell. Taxonomical composi¬ 
tion of fhe .is.sociarion c.innot coivstrain the âge 
of sédiments more prccisely rhan middlc Eocene. 
Upsection, nKliolaria are found only in siliceous 
clays of Kas’ydnovka Formation assemblage (R5) 
is taxonomically diversified and abundant, 
containing Stylodictyn irregulnris Vinassa, 
llcliodiscas heliasteriscus Clark 6c Campbell, 
lleterosc^tiwv formosuni Tochilina, II. tschuenkoi 
Lipman, Liihomtlif.^a sp B> Meliitosphaera 
magnopnriihsn Nakaseko, Hetiodheus fragilis 
Tochilina, bf. testntus Ko'àowx, ''Loplmyrtis *sinit- 
zinr Lipman, Clathrocytlas extensa viultipUcata 
(Clark 6c Campbell), Tripodisànus kaptarenkoi 
Gorbunav. T. aff. tribrarhintus Gorbunov, 
Theocyrtis lithos Clark & Campbell, and 
Theocyrtis andriashein Petrushevskaya. It belongs 
to the Theocyrtis andriashevi régional zone. 

Diaiorns 
In the lower part ot the Sctgccvka Formation 
(Table 4), a typical Kiev diatoni assemblage with 
Peponia harhadensh Grcvillc (Dl) (D: range of 
diatom .isscmhlagc in Figs 2. 3) was tound. 
Commun tava include Paralia oamaniensis 
(Grove 6c Stuart) Gicler — index-specic ̂of lhe 
zone of the same name of the local scheme of 
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Glezer (1979) — and Cristodiscus (Coscinodiscm) 

succinctus (Shcshukova & Gleser) Gleser 

Olshtinskaya» date index-species of the boréal 

zonal scheme of Strelnikova (1992). Peponia bar- 

badenüs Greville, index-spedes of rhe proposed 

régional schemc (Radionova 1996) occurs rarely. 

According lo Glezers (1979) local diarom sche- 

me, ihe Paralin oaniaruensis zone is relared to ihe 

Upper Eocene. and according ro Strelnikova 

( 1992) boréal scheme, the Coscinodiscus succinc- 

tiis zone bclongs to uppcrmoüt Lutetian-lower 

Barconian. Layers wlrh Peponia harhadense 

Greville are considered as upper Lutetian. The 

association includes pelagic specics Pyxidivula 

joynsonii (A. Schmidt) Strelnikovn & Nikolaev, 

P charkoviana (Jouse) Strelnikova & Nikolaev, 

Crnspcdodiscus moclleri A. Sclintidt, and a num- 

ber of ncritic species. In Khar’kov (Kas'yanovka) 

Formation, a diarom assemblage with 

Eripphwellia imperfecta ]oms£. (D2) bccomcs more 

abundanr. Besides, Mehsini arehittcLuralis Brun 

(Schmidt et ai) and Pyxilla prolongata Brun are 

comnion. l’he Coscinodiscus group becomes 

more diversificd (C decmeenoides ]ousér C. bul- 

liens Schmidt, C oculusiridis Ehrenberg), as well 

as the Hetiiiaulus group (//. polymorphtis var. 

charkovinnus Jousé, H. tschestnovji Pantoaek). In 

the upper p.ïrt of the BrighwcJliâ imperfècca (?) 

unit, Cosmiodiscus breviradiatus Gleser & 

Olshtinskaya and Pseudotriceratiuni chenevieri 

(Meistner) Gleser, appear. Index-species Brighi- 

wellia imperfecta Jousé, covering a part of the 

Bartonian stratigraphie interval of distribution, 

allows determining the stratigraphie range of the 

Kas’yanovka Formation. 

ICantemirovka Section 

The lower part of Scrgeevka Formation (Fig. 2), a 

sandstonc layer 1.5 m thick with phosphorite 

nodules, lies on chc Upper Cretaceous limestones. 

Up CO the section is a unit of gtev maris and car¬ 

bonate clays 3-4 m thick. The upper part of the 

Scrgeevka Formation is represented by non-carbo¬ 

nate clays of undetennined thickness. The Tishki 

Formation lies una^nformably on the Sergeevka 

Formation and is composcd of non-carbonate 

clays 4-5 m thick, with glauconite at the base and 

siliceous in the upper part. Fhe Kas’yanovka 

Formation is represented by intercalations of red- 

dish-yellowish gaize. breccia-like argiljtcs, and 

glauconite sandstoties 4 m thick. Sands and sand- 

stones of the Kantemirovka Formation overlap 

rhese sédiments unconformably. 

Namio/hssils 

An abundant and diversified nannofossil assem¬ 

blage was obrained from ihc maris of rhe 

Sergeevka Formation (NI) (Fig. 2). This assem¬ 

blage includes, among otliers, the t)^picaJ specics 

of the CP 13 Nannotetrina qnadrata zone: 

Nannotetrhut cristata (Martini) Perch-Niclscn, 

Discoasier stnevus Stradner, Dictyococcites onusius 

Perch-Nielsen (Table 5). 
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In the uppermost part of che section, i.e. in car¬ 

bonate beds within the sandy Kantemirovka 

Formation, a very poor and possibly reworked 

nannofossil assemblage of Bartonian âge was 

found. 

Foraminifera 

In the lower part of the Sergeevka Formation 

maris, the abundant and diversified planktonic 

foraminifera assemblage (F) was found (Table 6). 

The mosr abundant are: Subbotina mrcmcnka 

(Khalilov), 5. bowerl (Bolli), Globtgerinatheka 

index (Finlay), Aenrinina afF rugosoaculeata 

Subbotina. The assemblage can be related to the 

upper part of the Acariniful rotnvdimarginata 

(s.l.) zone of rhe Crimca-Caucasus schemc (beds 

wirh Globigerinntheka index  ̂Beniamovskii 1995). 

Benthic foraminifera are represenred by 

Pseiidoclaviilina mbhotinne Nikitina, Vagwu- 

linopsis decorata (Rcuss), Gyroidina soldant 

(d’Orbigny), sculptilis Cushman, 

B. cookî Cushman, Vvigvrina spinocostdla 

Cushman & Jarvis, U. pygtneii d'Orbigny, V. cos- 

iellata Morozova. Thcy arc related to the middle- 

late Luretian Pseudoclitvulina subbotlniîe' 

üvigerina spinocostdtU'Bolivina coukei régional 

zone. Most of che spccies of the assemblages can 

be traced in the European palaeobiogeographical 

area from Belgium to the west parc of 

Kazakhstan. 

Radiolaria 

In rhe lower pari of the Tishki Formation, rhe 

radiolarian assemblage (R3) is taxonomically 

poor, represented by Cyrtophormis alta Mok- 

syakova. Cdathrocyclus utiwanii Bjorkiund bc 

Kellogg, and Uthoinelîssa sp. A, fiable 7) and 

most likely bclongs co the Cynophormis alta 

régional zone (Kozlova 1990). 

Upsection in upperrnost part of che Tishki 

Formation and lowermost part ol che Kas'yanov- 

ka Formation (the boundary between them is 

not determined prcciscly in the section), radiola- 

ria become more diversified (R4); Lithonielissa 

sp. A., Heliodiscus heliasteriscus Clark & 

Campbell, H. zonatnm (Lipman), H. fragilis 

To c h i 1 i n a, Me lit  tosp hue ra m agn o par ut o sa 

Nakaseko, Calocyclas semipolita Clark bc 

Campbell, Tripodiscinus kaptarenkoe Gorbunov, 

Clathrocyclas extensa nmltiplicata (Clark & 

Campbell), "Lophovynis  ̂sinïtzini Lipman, 

Rathropyramis aneotos (Clark & Cambell), 

Calocyclas asperum Ehrenberg, Hexacontnim aff 

pacbydtrmum Jorgensen, Stylodyctya hastata 

Ehrenberg. 5. tnegulans (Vinassa), Tnpilidium 

ctavipes Bjorkiund, Theocyrîts lithos Clark & 

Campbell, etc. Lasdy, in siliceous cUyey maris of 

the Kasyanovka Fenmation, the assemblage of 

Theocyrüs andriashevr régional zone (R5) is scen 

and includes besides a number of species known 

from R4 assemblage, l.ithelius foremanae 

Sanfilippo ÔC Riedcl, Stylosphaern balbis 

(Sanlllippo & Ricdel), Lithomelissa sp. B, 

Heterosestenm forrnosum Tochilina, H. tschimxkoi 

Lipman, and Theocyrüs andriashevi Petrushev- 

skaya. 

Diatotns and Silicoflagellates 

l’he diatom assemblage obtained from the upper 

part of the Tishki and Kas'yanovka formations is 

similar to che D2 association from dic Sergeevka 

Section, althougli it is not so diversified (Table 8). 

Important is the présence of Cosmiodisensm hrevF 

radiatas Gleser & Ol.shiiuskaya, and Bti^ttvcllia 

coronata (Brightwcll) Ralfs in Fritchard, in the 

lower Kas'yanovka Formation and the appearance 

of Trkeratiuni ungukul/ttîan Greville, in the upper 

part of chc saine formation. 

9540 Rudaevka borehole 
Whire chalk unit 3 m in thickness is correlated 

to the Sergeevka Formation (Fig. 2), h is superse- 

ded by aliernating maris and carbonate clays 6 m 

ihick. 4‘he upper part of the Sergeevka 

Formation is coinposcd of aliernating carbonate 

and non-ciubonate clays The total thickness of 

the Sergeevka Formation is 13 m Ar rhe base of 

the Tishki Formation, a layer of glauconite sand 

up to 0.5 m thick can be iraccd. The overlying 

unit is represented by intercalations of clayey 

mudscones, opoka sandstones and clays, some- 

times with thin beds of carbonate clays-, The 

thickness of this formation is 14 m. At the base 

of the Kas’yanovka Formation, a 0.5 m*thick 

glauconite sandy layer is présent, ovcrlapped by 

clayey diatomites 4 m in thickness, The upper- 

most 8 m of the section are represented by sands 

of the Poltava Formation. 
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NannofôssHs 

A nannofossii assemblage related ro CP13-CP14 

nannoplankton zones boundary interval (N) was 

found at the base of the marly section of the 

Scrgccvka formation. The assemblage is not so 

rich as in Kan terni rovka Section, but scems to be 

of the samc age bccause of the presence of 

Rhabdosphaera glndius Locker, which is zonal 

marker of the CPI3 Nunnotetrina quadntta zone 

top boundar)' ̂(Tiiblc 9). 

Foraminifera 

Foraminifera in borehole 9540 occur rarely. For 

this reason, siliceous microfossils are the primary 

basis for stratigraphie subdivision of the section. 

Ritdiolitna 

A radiolarian assemblage ('Fable 10) represented 

by Stylodyctya hastaUi Ehrenberg, Thecosphaera 

minor (Clark ôc Campbell), Heliodiscus heliaste- 

rlsctis Clark & CampbeIK C.lathrocyclm pr'mcipi 

principi Clark &: Campbell, Stylotrochns sp., and 

Lithomelissa sp. A was found in ihc lowcr part of 

the Scrgccvka Formation maris. The assemblage 

is not taxonomically diversified. AH the specics 

arc known from the Keresea and Kuma forma¬ 

tions of Southern Cis-Caucasia and Central Asia 

(Moks}^akova 1972). ’Fhe age cannot bc constrai- 

ned more precisely than iipper Luthetian- 

Bartonian. The upper part of the sa me formation 

contains a more diversified assemblage {R2), 

represented by Heltodiscui hexasierhcus CHark & 

Campbell, Hexacomittntpachydermurn jorgensen, 

Petalospyris aff. duhia Clark & Campbell, 

Clathrocyclas extensa Clark &: Campbell, 

l'heocorys reticuln Ko'/Jova, Hetewsesti'nrn fornm- 

sum Tochilina, H. ticbuenkoi Lipman, Stylo- 

sphaera coronatn tnevis Ehrenberg, Tripodiscinns 

turnulosus (Kozlova), Xtphospira occllata (Ehren¬ 

berg), Thecosphaera californien Clark ôr (Camp¬ 

bell and Lithomelissa affi haeckeli Butschli. Fhc 

composition ol ilic association is close to tlic 

Kuma Formation, the assemblage not including 

only species of the généra Tripodiscinus and 

Heterosestmm. 

Up to the section in claycy maris of ihe Tishki 

Formation, an assemblage coniainiag abundant 

Cenospbaern rnitgarzi Lipman and rare 

Heterosestrum TschueJikoi Lipman, Peripyramis cir- 

cumtexta Haeckcl, and Cyrtophorrnis alta 

Moksyakova was found. The présence of the lut¬ 

ter specics together with Heterosestrum ischuaikoi 

Lipman, in spire of the poor taxonomical com¬ 

position allows cortclating this association to the 

Cyrtophorrnis alta (R3) rcgional radiolarian zone. 

Highei up to the .section in clays ol the samc fox- 

marion, the following radiolarian assemblage 

(R4) is présent: Cenosphnern mitgarzi Lipman, 

Stylodyctya irregularis (Vinassa), S. hastatn 

Ehrenberg. Heterosestrum formosurn Tochilina 

and Theocorys reticula Kozlova. Thèse taxa arc 

not indicative but the stratigraphical position of 

the assemblage in the section suggests that ir can 

be related approximarely to the Fahniusphaem 

polysiphonia régional zone. 

Up to the .section in siliceous clay.s of the 

Kas’yanovka Formation, the radiolarian assem¬ 

blage (R5) bccomes more diversified and abon¬ 

da n t : Cenosphaera mIcroporn  ̂Stylodyctya 

irregulfirii  (Vinassa), S. hastatn (Ehrenberg), 

Heliodiscus zoaatus Tochilina, Heterosestrum for- 

mosum Tochilina, LUhelius Theocynis andria- 

shevi Petrushevskaya, Calocyclas senùpolita Clark 

Campbell and Lithomelissa sp. B. This as.sem- 

blagc most probably belongs to the Theocynis 

andriashevf régional zone. 

Diatoms and Silicoflagellates 

Diatoms werc found at the base of the mari unit 

of the Sergeevka Formation and in noncarbonate 

clays in ihc upper pan of ihc same Formation. 

’Fhe a-ssemblage is rather poor (Dl) (Table 11), 

Besides, species known from the Karnemirovka 

and Sergeevka sections: CristodUcus duplex Gleser 

& CMshrinskaya and Cnscinodiscus aff. tenerrimus 

Jou.sé, and silicoflagellate.s Dietyoïha pentagona 

(Schulz) Bukry & Foster, and Nnviculopsis folht- 

ceae Detlandrc can be noted. In the lowcr part of 

Tishki Formation, a poor diatom assemblage 

conraining neritic Paralin sulcata (Ehrenberg) 

CIcvc. Pseudopodosira hynltnu Jousc and 

Aulneodisius excniuitus A. Schmidt was found. 

Among pciagic species, Costinodisms obscurus var. 

cancaous Cileser in Diatomovye vodorosly SSSR, 

dominâtes. In the upper pan of ihe Tishki 

Forniarion, ibe diatom flora bccomes more 

diversified. More reprcseiuarives of the 

Pyxidicula genus [P. moelleri (A. Schmidt) 
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Strelnikova &C Nikolacv, R grunowii (Grovc &C 

Stuart) SrtcJnikova Sc Nikolacv, ./? Joynsonii (A. 

Schmidt) Srrelnikova Ôc Nikolacv, P. charkoviana 

(Jousé), Strelnikova & Nikolacv), Craspedodistus 

oblongus (Gfcvillc) Hanna and Coscinodisctts aff. 

marginatus Ehrenberg] appear. Large diatom cells 

dominatc along with unusually looking spéci¬ 

mens ol Meloiira arvhitecturalis Brun (Schmidt et 

al.) which are up to 60-7B mm. in diameter. The 

disappearance of Craspedûd/snys oblongus 

(Greville) Hanna takes place in the upper part of 

the Barronian. The présence of tins typical spe- 

cies déterminés the âge of the upper part of the 

Tishki Formation as the Barionian. 

The assemblage of die Kas’yanovka Formation 

includes common species of D2 assemblage. In 

the uppermosr part of rhe formation (deprh 

32 m), the abundance and diversity of silico- 

flagellates increases. Common are typical 

Bartonian taxa such as Nnviculopsis foliaceae 

Dedandre, N. Piordtea Bukry, Distephanus crus 

(Ehrenberg) Haeckel, Dictyocha spbwsa (Deflan- 

dre) Glezer D. deflandrei Franguelli, Corbisema 

hastata globulata Bukry, C htermis Lemm. 

5'93 Boguchar. iu.irkhi^m- 
The lithostratigraphic subdivision of this section is 

made accordlng to the sclicmc ol Kurlacv & 

Akhlestina (1988) fut the Khoper monocline. The 

Veshenka Formation (Fig. 2), composed by sandy 

opokas 5 m thick, lies on the Llppcr Cretaceous 

sédiments. The Osinovo beds overlie them uncon- 

formably. They are represeneed by ligJit grey opo¬ 

kas with phosphorite nodules al the base, 

intercalatcd with sandstoncs. l'heir rhickness is 

6 m. The Fehirsk)' beds consist of strong quarr- 

zites 5,2 m thick, and upsection ot Hiie-graincd 

glauconitc sands -with rare beds ot calcarcous clays. 

Their thickness is 18 m. The Kuma Formation 

lies on sands and is represenied by greenish lovv- 

carbonate opokas 2 m thick, lurning up to the 

section inio brownish non-calcareous clays. The 

upper part of the formation is composed by light 

opokas passing înto opoka sandsrones. The total 

thickness of rhe formation is 20 m. 

Nannofimib 

The rarher poor nannofossil assemblage with rare 

Chiasmolithus grandis (Bramietee & Riedel) 

Radomski, C rnodestus Perch-Nielsen, C solitm 

(Bramlctrc Sullivan) Locker, Discoaster barba- 

diensis Tan, D. nodifvr (Bramleiter & Riedel) 

Hukrv', Neococcolithm duhius (Deflandre) Black, 

Reticîdofenestra diayodyî (Deflandre in Deflandre 

& Fert) Siradner in Siradner & Edwards, 

R. umbilicHs (Levin) Martini & Rir/kovski. 

Coccolithus forrnosus (Kainprner) Wise found in 

siliceous maris withiii  a sandy unit fonncriy 

considered as a part of Buchack (?) Formauon, 

but this association can be considered as the 

uppermost part of the Lutetian CP 13 Nanno- 

tetrina quadraui zone or the lowermost Bartonian 

CPI4a Discoasier bifâx subzone. 

Radiolaria 

A radiolarian assemblage (Table 12) obtained 

from che base of Osinovo beds contains 

Claîhrocyclai mintma Lipman, Hehodiscus hclia- 

stenscus Clark & Campbell, H- dupla Kozlova, 

Spongomelissn sp. A, Uthomelissa sp. A, 

Thecosphaera minor Campbell ^ Clark, 

Spongotrocfms radiatits l.ipmati, Stylndyctya irre- 

gularis (Vin.issa), and Themyrtrs lithos Campbell 

Ôc Clark. The âge of the assemblage i.s lentarively 

thought to be the middle Eocene, and not youn- 

ger rhaii upper Lutetian. 

Dp to the section in siliceous clays and maris of 

Kuma Formation, the abuiidant radiolarian 

assemblages of the Cyrtopborrnis alta- 

Ethrnosplutent polysiphonia (R3-R4j régional 

zones werc found. The association contains 

Hexavontitim paebyderrnum jorgensen, Stylo- 

sphaera coronaîa coronata Ehrenberg, Lithelius 

spiralis Lipman, Bathropymrnis nnoetus (Clark & 

Campbell). Clathrocyclns xahvanii Bjorklund Ôc 

Kellogg. Cenospbaera mstgurzi Lipman, Theocyrtis 

lithos Clark ôi Campbell. Cyrtophormh alta 

Moksyakova, Artubotrys norvegieusis Bjt7rklund 6c 

Kellogg. Theocûtys mienta Kozlova, Lithomelissa 

sti  ̂Bueschli, Tripodisçintis tribrachiatm Kozlova, 

77 kapfitrenkoi Gorbunov, and several other taxa. 

The youngest radiolarian assemblage of the 

Tbeotyrtis undriushevi régional zone (R5) was 

obtained from siliceous clays of Kuma 

Formation. It is abundani, well-preserved, and 

contains I(exaconthttn pachydernium Kozlova, 

Heterosestrum shabalkini Lipman, Thecosphaera 

minor Campbell & Clark, Tripodiscinus tribra- 
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chiatus Koziova, Theatyrtis andriasbevi l^etrushev- 

skaya, llaliomma immensa Kozlova, Calocyclas 

asperum Ehrenberg and Rhodospyris donensis 

Zagorodnuk. 

Diatoms and silkoflagellates, 

At the base of the Osinovo beds the following 

diarom association was fnund; Paralia oamaruen- 

sis (Grove & Stuart) GIcser, Cristodiscus 

{Coscinidiscus) succinctiu (Sheshukova Glcscr) 

Gleser ôd OLshtlnskaya, Hemiaulus potymorphus 

var. charkovianiis (Sheshukova & Gleser) Gleser 

& Olshtinskaya, plus Coschiodiscus obsurcin var. 

concûvus Gleser in Diatomovye s^odorosly SSSR, 

C. astéroïdes Truan hi Witt, C. bullïens A. 

Sdimidt, C decrescenoides Jousé, C oculusiridis 

Elircnbcrg, Brightweilut sp., Hemiaulus polycysii- 

noTnm Ehrenberg, Afelosira Brun (Schmidt et 

al.)  ̂PyxidicuLt alf. moelleri A. Schmidt and 

P. charkoviana (^Jouse), Silicoflagcllares are. tepre- 

sented by Naviculopsis nordica hyatina Bukry, 

Mesoi'ena concava Pcrch*Nielsen, M. apiculata 

Schuiz and Dktyocha venzoi Morlotci & Rio. Kcy 

specics of this assemblage arc the samc as those of 

the DI association of ihc three oihcr sections. 

The association bclong.s to the upper Lurerian. 

In the lower part of Kuma Formation the diatom 

association (Table 13) issiniilar to the D2 assem¬ 

blage from 9540 Rudaevka borehole, and in the 

niiddle part of ilie Kuma Formation the same 

silicoflagellaie assemblage was tound. The rrend 

of changes in diatom and silicoflagellate compo¬ 

sition is similar bodi in the 9540 Rudaevka bore- 

hole and m the 5-93 Boguchar borehole. Ai the 

17.8 m level silicodagellates dominacev but 

upsection rhey are replaced by siliceous sponges. 

Discussion 

In the eastern part of Dnieper-Donets Dépréssion 

(the area of Transition to Vc>lga-Don Région) the 

fàcics change of Eocene sédiments is so dramaric 

that one needs ro use three different lirhosrratigra- 

phic schemes (Fig. 1) from nonh-we.st to south- 

easi to .subdivide the Eocene deposits. These 

schemes (for Ukraine, Vorone/h antecline, and the 

Volga-Don Région) arc not sufficicntly corrclatcd 

yet. In rhe eastern part of study région, some 

lithostratigtaphic subdivisions of the northern 

Caucasus scheme are used. That gives us a reason 

to suggest a lithostratigtaphic and microplankto- 

nic corrélation for the Crimea-Caucasus area and 

the Dnieper-Donets Dépréssion, because ail the 

studied sections showed similar sedimentary cycli- 

ciries, and rheir formations can he dared and cor- 

relared on the basîs of calcareous microlossils in 

the lower part of sections and on siliceous micro- 

fossils in rhe upper pan. 

In the Crimea-Caucasus area, the lower middle 

Eocene (Lutetian) sédiments arc represented by 

maris and limestones of Keresta Formation. Up 

to the section, Kuma Formation composed by 

carbonatic clays rich in organic matter lies with 

érosion in a number of localities. The following 

changes in calcareous microplankton assemblages 

occLir through tbc Keresta-Kuma boundary. Fhc 

naiinofbssil assemblages of Keresta Formation are 

very rich ail over chc area, and chc CPI 3 

Namiotetrina epuidrata zone (Fig. 3) and ail three 

subzoncs (CP 13a, CP 13b, and CP 13c) of nan- 

notüssil standard zonal scale (OLada & Bukr}^ 

!98()) can be established. The top of Keresta 

Formation is marked by disappearance of 

Nannoteirina cfuadrata (Branileiic & Sullivan) 

Bukry, N. cmiatu (Martini) Perch-Nielcn (1971), 

Discoaster gemmifer Stradner. D. rnartinii 

Srradner. No new .species appear at rhe base of 

Kuma Formation. The CPl4 Reticulofenestra 

umbilicn zone stands ont among the deep océan 

sédiments owing to rhe Discottster bifax Bukry 

appearance. lu ail studied sections of the South 

of tlie Foimer USSR, ihi.s species appears wiihiit  

CP 13b Chiasmolithus gigas sub/one* i.e., much 

carlicr than in DSDP slcesi wherc the zonal scalc 

of Okada ik Bukry (1980) was established. 

Recenrly, its appearance was recorded within 

Lutetian deposits of Parisian Basin and 

Hampshire (Aubri 1983). Hence> this species 

cannot be used as a zonal market in epicontinen- 

tal basins. A few meters ahove rhe Kuma Forma¬ 

tion s bortom, characterisric species of CPH 

zone gradually appear. These changes in nanno- 

fossil assemblages led us to place the CP 13/CP 14 

zone boundary along the Keresra-Kuma bounda- 

ry because in spite of the .ib.sence of the rraditio- 

nal zonal market, thèse zonc.s arc distinguished 

by the full  spcctriim of the assemblage. 

The changes in planktunic toraminifera assem¬ 

blages proceed in a similar way. At the top of 
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Keresta Formation, such peculiar species as 

Subbotina frontosa Subbotina. S. subtrilnadi- 

noides (Khalilov), Acnriniiuz hullhranki Bolli,  

Globigcrinathekn subconglohata (Khalilov iti  

Shutzkaya). ^7. /Wt’v  (Finlay) (Actirinhm rolundi- 

marginata zone ot the Crimea-Cnucasus zonal 

scale are presenr - beds wirh G. siibconglubitut- 

G, indey^. The foraminiteral assemblage ol Kurria 

Formation is composed by T^antkcnina nlabit- 

mensis Cushman, Subhotina aserbaidjanica 

(Khalilov) and other spccics. Thcn, rhe 

Acarininn rotundimdrgiruita-Hantkenina alaba- 

mensis zone boundary is cstablished mostJy by 

the disappcarancc ol the characteristic species of 

the First zone and corresponds with Keresta- 

Kuma lomiadons boundary. 

Far co the north, the Kuma Formation sédiments 

onlap the sédiments corresponding to the 

Keresta Formation with pronounced érosion. 

The siliccous plankcon cornes into play along 

with the calcarcous microfossils. The corrélation 

of radiolarian and diatom zonal scales with chat 

of foraminifera and nannofossils were made in 

the sections of the norihcrn Feri-Caspian 

(KhokJilova 19%; Radionova 1996). The corres- 

pondence of ihc radiolarian Heliodiscus quadmtus 

zone (R2) to the foratninifcral Acnrlnina rotundi- 

marginatd zone, and Cytophorynh alta (R3), 

Ethrnosph/iem polysiphonin (R4) to the fbramini- 

ferai Hantketnna alabamer/sh and Glohorotalia 

turcmenua zones is sliown. 

In ail sTudied sections ol Dniepcr-Doncts 

Dépréssion the same zonal succession was traccd. 

The Heliodisais quadmtus (R2) zone assemblage 

is recorded within the lowermost part of ail four 

sections, i.e., wirhin Sergeevka Formation and 

Tchir beds. The lollowing rhree zonçs (R3-R5) 

are escablishcd wirhin rhe upperrnost part ol 

Tishki and Kas'yan formations. This suggests a 

corrélation of rhese lormations with Kuma 

Formation of rhe .South of the Former USSR. 

It is commun knowledge chat diatom assemblage 

ol the Kiev and Kharkov lormations ol Ukraine 

was proposcd as Pamlia ihimantmsis zone (Gle/er 

et ai 1965). but boundary markets were noi 

represented, so that even now'adav's under doser 

examinaiion it is hard co cstablish the boundaries 

of this zone. In ail studied sections two intcivals 

with abundant diatoms separated by sédiment 

intcrval of variable thickness withour diatoms 

were found. Ficncc, we record not zones, but 

layets with Peponia /w/w/e/wir Greville (Dl) and 

layers with Bn^stxvellia imperfecut^y^sssé (or Coimo- 

discus brevimdifUus Q\iyi^x ^ OLsIuinskaya) (D2), 

Beds with Peponia barbadense Greville, corres¬ 

ponding lo the “Kiev"  Formation or irs corre- 

laies, correlatc with the upper Lutherian, and 

beds with BrightioelUa iwperfecta Jousév corres¬ 

ponding to the lower parc of the “Khar’kov”  

Fotmarion, with the Barconian. Of the diatoms, 

Peponia barbademis Greville is rcscncced to rhe 

Lurhetian, Craspedndheus oblongtts (Greville) 

Haima disappeats in the tipper part of the 

Bartoiiian (Fcnncr 1985). and Brighîwellia 

imperfecta is restricted co the second half of the 

middie Eocenc (Fenner 1985). Silicollagellates 

manifest the disappearance of Dktyocba spinosa 

(Deflandre) Gleser (in the Sergeevka Formation) 

and appearance ol DieCyocha bexacarnha Schuiz 

(in iKe Kas'yanpvka Formation), or clse, 

Naviadopsis foliaceaeiDictyocha hexacantha zone 

boundary correlaies with the CP13/CP14 

(Bukry 1981) nannoplankton zone boundary. 

FA LAFOGFX)GlT\FH Y 

The benthic lorams Pseudoclavidina siibbotinae 

Nikitina, Uvigerina spinocostata Cushman & 

Jaivis, Vaginiilopsis decorata (Rcuss), Clavu- 

linoldes szahoi (Hantkcn), Bulimifm madlenta 

Gushman & Parker, Bolfvina cooki Cushman, 

Spiroplectamina pishvanotute A. V. Furssenko & 

K. B. Furssenko in the Sergeevka Section are 

widespread in Lutedan deposits of \^arious Peri- 

l'cthys localiries Irom Belgium to West 

rurkmenia (Kaasschnirer 1961; Furssenko & 

Furssenko 1961; Shuly.kaya 1970; Bugrova 1988; 

Grigaylis et aL 1988; Naidin étal. 1994). The 

fact ihar the Same foraminilera assemblage is 

.spcead over au erionnous area in the northern 

Peri-Tethy.s .suggests the existence ol a conti- 

nuous bâsin with ubiquirous paUeobiologic 

links. Moving along the line of sections studied 

in the présent paper from norih-west to south- 

easi, i.e., from Sergeevka Section to the 

Boguchat boreliole, il can he seen thaï radiola- 

rian assemblage.s are more taxonomically divers!- 
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Pied and well-prescrved in Boguchar borehole 

located in the souch-eastcrn parc of the région. 

By the way, raxonomical composition of the ear- 

liest complex at the base of section is close co 

coeval associations of Knma Formation of South¬ 

ern régions, and thaï of youngcr R3-R5 assem¬ 

blages is similar to coeval complexes of Norway 

Basin and Peri-Caspian Basin (Kozlova & 

Petrushevska)^î 1979; Khokhlova 1996). Never- 

thcless, radiolarians in this section represent an 

association of an open marine basin with normal 

salinit}^ Conversely, radiolarian composition in 

borehole 9540 seems to reflect alicrnating open 

marine and of shallow-water basin conditions, 

possibly with a restricred connection with chc 

main basin. Sedimenis ai the base of section 

(Sergeevka maris) and Ln the upper part of the 

section (Kas*yanovka siliccous clays, R5) contain 

diversiPicd opcn-marinc radiolarian assodarions, 

but in the middle part ot the section in clays of 

the Tishki Formation, the radiolarian assemblage 

(R3'R4) is represented by abundant spccimens 

of Cenosphaera mitgarzi Lipman and sparse spéci¬ 

mens of Cyrtophormh alla Moksyakova and 

Bûthropyramis sjx A strong prédominance of one 

species is known to testify to the absence of 

open-oceanic conditions, probably to low salinity 

conditions. 

The oldesc radiolarian assemblage is mosr abun¬ 

dant and diversiPied in rhe maris of vSergccvka 

Formation in rhe section of the same namc, and 

the youngest (R5) assemblage is mosi diversified 

in KasVanovka Formation of Kantemirovka 

Section. 

CONCLUSION 

The study of four sections of the eastern slope of 

the Dnieper-Donets Dépréssion allowed us to 

correct âge détermination of the Eocene 

Formation. 

The maris of Sergeevka Formation inost likely 

bclong to uppermost Liitetian. Tlie benthic fora- 

minifcral zone Psendoclaviilina sttbbotinae- 

Uvigerinu spinocosicita-BoUxnna cookei distin- 

guished liere can bc traced in the Keresta 

Formation through much of the south of 

European Russia, and in Vemmel and Ash for¬ 

mations of Belgium (Kaasschiter 1961; 

Radionova et ai 1994). The upper part ol the 

planktonic foraminiferal Acarininu rotiindimargi- 

nata zone (bed with Globigerinatheka index) 

found in the lower Sergeevka maris confirms this 

âge détermination. Data based on nannofossils 

(CP 13 Nanmtetritui'ioné) idcnrify the boundary 

between theîr Lutet ian âge, roo. 

The âge of the Tishki Formation is clearly 

Bartonian. This interpretarioii is confirmed by 

planktonic foraminifera of rhe Glohigtrina tnre- 

rnenica zone. The diatom assemblages frorn the 

base of the Sergeevka Formation and the lower 

part of the Osinovo beds (Dl), in ihc upper pan 

of the Tishki, Kas’yanovka and Kuma Forjna- 

cions (D2) arc relaced to Pamlin oamaruensis dia- 

rom zone of (Glczcr 1979) and to Cosdrwdiscus 

suednehii zone of Strelnlkova (1992) scheme. In 

Sergeevka Section, in assemblage Dl the index 

.specics Pepotiia barbadensis Grevüle (Radionova 

1996), and in D2, chc index spedes Brightwellia 

imperfecta Jousé, which undoubtedly testify to 

middle Eocene âge, were found. 

Sédiments of the Kas yanovka Formation in ail 

.studied sections contain almost the same diatom 

assemblage. A notable featurc of the assemblage 

is rhe presence ot Paralia onmaruensis (Grov^e 6c 

Stuart) Gleser and Coscinodtscus sucehictus 

(Sheshukova & Gleser) Gleser & Olshrinskaya, 

tlie index-species of zones in local diatom 

schemes of Glezer (1979) and Strelnlkova 

(1992). This diatom assemblage rs very close to 

the association obtained from the base of the 

KhaEkov Formation in the northern part of 

Dnieper-Donets Dépréssion (see Radionova et 

al.y this volume, Fig. ]> borcholevS 3 and 4; 

Radionova ci al. 1994). No évidence of the 

upper Eocene âge for the Kas’yan Formation has 

been found from radiolaria or diatoms, and we 

confidenrly suggest the upper Bartonian âge for 

KasVan Formation, 
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APPENDIX 

Table 1. — Stratigraphie range chart of nannofosslls in Sergeevka Section. A, abondant (more than 15 specimens); F, frequent (10- 

15 specimens): C, common (3-9 specimens): R. rare (1-2 specimens). 

Species/sample number 8 11 12 14 

Blackites spinosus F R 
Chiasmolithus solitus R A C 
Coccolithus formosus A C R 
Cycticargolithus floridanus A A A R 
Discoaster barbadiensis F F F 
Discoaster binodosus F F F 
Discoaster distinctus F 
Discoasier nodifer F F 
Discoasfer saipanensis F 
Discoaster strictus R F 
Discoasier wemmetensis F 
Helicosphaera bramiettei F 
Helicosphaera fophata F 
Holodiscolithus macroporus F 
Neococcolithes dubius F F F 
Pontosphaera muftipora F F F 
Reticulofenestra dictyoda C F F 
Reticulofenestra haqü A A C F 
Reticulofenestra umbilicus A A C 
Sphenolithus furcatoHtoides F 
Sphenolithus moriformis F F F 
Sphenolithus spiniger F F 
Transversopontis pulcher F F F F 

Table 2. — Stratigraphie range chart of foraminifera of Sergeevka Section, b, benthos: p, plankton. Legend: see Table 1. 

Species/sample number 1 2 3 9 4 5 10 11 12 13 

Acarinina bullbrooki P F 
Acarinina pentacamerata P A R 
Acarinina cf. rotundimarginata P R 
Clavulina cylindrica b R F F F R F C F 
Clavulinoides szaboi b C A R C C C F 
Pseudoclavulina subboîinae b R R R F 
Spiroplectammina pishvanovae b F F 
Vaginulinopsis decorata b C F A F F 
Uvigerina costulata b C C 
U\/lg9rina macilenta b C C A F 
Uvigerina spinocostata b c C 
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Table 3. — Stratigraphie range chart of radiolaria in Sergeevka Section. Legend: see Table 1. 

Spectes/sample number 9 19 20 21 22 23 

Calocydas semipolita A R R R 
Clathrocyclas minima C 
Clathrocyclas extensa A 
Heliodiscus dupla R 
Heterosesrum formosum R F F F 
Heliodiscus heliasteriscus C A 
Heliodiscus zonatus C 
Heliodiscus fragilis R 
Heterosestrum îschuenkoi R C 
Hexacontium pachydermum R R 
Larcospira minor R 
Liîhomelissa sp. B A 
Lithomelissa sp. A C R 
Lophocyrtis sinitzini C R 
Meliîîosphaera magnoporulosa C 
Phacodiscus testatus C 
Porodiscus parvus R 
Spongomelissa sp. A C 
Sîylodyctya irregularis R C C 
Stylotrochus radiatus R 
Theocyrtis liîhos C F R 
Thecosphaera californica R 
Tripodiscinus aff. clavipes F 
Tripodiscinus kaptarenkoe C R 
Tripodiscinus aff. tribrachiatus F 
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Table 4. — Stratigraphie range chart of diatoms and silicoflagellates in Sergeevka Section. Legend: see Table 1. 

Species/sample number 9 19 20 22 

Diatoms 
Arachnoidiscus ehrenbergii F F 
Arachnoidiscus asieromphalus R 
Aulacodiscus excavatus C F F F 
Azpeitia aff. oligocenica R 
Brightwellia imperfecta (?) R 
Corona retinervis F 
Coscinodiscus bulliens F 
Coscinodiseus obscurus C C C C 
Coscinodiscus obscurus var. cancavus C C F 
Cosmiodiscus breviradiatus F 
Coscinodiscus paiera (?) R 
Craspedodiscus moelleri F R F R 
Cristodiscus (Coscinodiscus) succinctus R F F A 
Cristodiscus crux F 
Cristodiscus decrescenoides F A 
Hemiaufus polymorphus var. charkovianus F F 
Hyalodiscus radiatus F F R 
Hyalodiscus inflatus C 
Hyalodiscus johnsonii R F 
Hyalodiscus kelleri var. fasdculatus C F F 
Melosira architecturalis F C 
Metosira fausta F F 
Paralia oamaruensis C C C C 
Paralia sulcata var. sibirica C 
Peponia barbadensis R 
Pseudopodosira hyalina F C 
Pseudopodosira bella F F 
Pseudopodosira westii F C 
Pseudotriceratium chenevieri R 
Pseudotneeratium pyleyformis F 
Pyxidicula charkoviana F A C F 
PyxHIa gracilis F 
Pyxilla schenkii R 
Pyxilla tchernovii R 
Trinacria excavata F F 
Triceratium aff. kanaya var. trilobata R F 
Triceratium ventricosa C C 

Silicoflagellates 
Dictyocha spinosa F 
Distephanus pentadonus F 
Distephanus grunowii R F 
Navieufopsis constricta F 
Naviculopsis oamaruensis F 
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Table 5. — Stratigraphie range chart of nannofossils in Kantemirovka Section. Legend: see Table 1. 

Species/sample number 27 28 29 30 33 

Blackites spinosus F F F 
Chiasmolithus solitue F F F F 
Chiasmolithus tituf F F 
Coccolithus formosus A C R F F 
Cyclicargolithus ffohdanus C A C R F 
Discoaster barbadmnsis C F 
Discoaster bifax R F 
Discoaster binodosus R F F F 
Discoaster defJandreis R F F 
Discoaster saipanensis F 
Discoaster strictus F F F 
Discoaster onustus R F 
Helicosphaera bramlettei F F F 
Helicosphaera serninulum F 
Nannotetrina cristaîa F F 
Neococcolithes dubius C R F 
Pontosphaera muftipore F F F 
Pontosphaera duocavus F F 
Reticulofenestra coenura A R F F F 
Hetieufofenestra bagii A A C F 
Reticuloferiestra umbilicus C R F F 
Sphenolithus rnoriforrpis F F 
Sphenolithus obtusus F F 
Sphenolithus radians F 
Transversoponîis pulcher F F F 
ZygrhabUthus bijugatus R F F F 

Table 6. — Stratigraphie range chart of foraminifera in Kantemirovka Section, b, benthos; p, plankton. Legend: see Table 1. 

Species/sample number 27 28 29 

Acarinina rugosoaculeata P F 
Bolivina cookei b F C 
Bulimina scufptilis b C 
Clavulina colomi b C c C 
Clavulina cylindrica b C c c 
Clavulinoides szaboi b A A c 
Globigerinatheka index P R 
Pseudoctavulina subboiinae b F F c 
Pseudohastigerina micra P F C 
Spiroplectammtna ptshvanovae b F C 
Subbotina turcmenica P C A 
Vaginulinopsis decorata b F c C 
Uvigerina costellata b C c 
Uvigerina macitenta b C c 
Uvigerina spinocostata b C c 
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Table 7. — Stratigraphie range charl of radiolaria in Kantemirovka Section. Legend: see Table 1. 

Species/sample number 39 40 41 42 43 44A 

Baîhropyramis aneotos F 
Calocyclas asperum R R R R 
Calocyclas semipolita R R 
Ceratospyris sp. aff. T. crassipes R 
Clatrocydas extensa muftiplicata R R 
Clathrocyclas talwanü R R R R 
Clathrocydas sinitzini F F F 
Clathrocydassp. 1 R 
Conocaryomma sp. C 
Cyrîophormis alta C 
Heliodiscus heliasteriscus A A 
Hefiodiscus zonaîum C 
Heliodiscus fragilis C F 
Heterosestrum formosum A A 
Heterosestrum tschuenkoi A 
Hexacontium aff. pachydermum A C C C 
Lithelius foremanae C 
Lithomelissa sp. A C A A A C 
Lithomelissa sp. B C 
Lithelius foremanae C 
Mefittosphaera magnoporulosa C R 
Pseudodyctyophimus sp. C 
Stylodyctya irregulare C 
Stylosphaera coronata F F F F 
Theocyrtis lithos 
Theocyrtis andriashevi 
Tripodisdnus kaptarenkoe R R A A 
Velicucculus aff. oddgurneri R 
Tripilidium clavipes 
Stylosphaera balbis F 
Tripodisdnus sp. A 
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Table 8. — Stratigraphie ranges chart of diatoms and silicoflagellates in Kantemirovka Section. Legend: see Table 1. 

Species/sample number 39 40 42 43 44A 

Diatoms 
Aulacodiscus excavaîus F F F 
Aulacodiscus kelleri y/ar. fasciculatus F F 
Arachnoidiscus ehrenbergii F F F 
Brightwellia coronata R 
Cerataulus deflandrei F F 
Corona retinervis F F 
CoscincKiiscus obscums F F C C 
Coscinodiscus obscums var. cancavus F C C C C 
Coscinodiscus asteromphalus F 
Coscinodiscus decrescenoides C F C 
Cristodiscus {Coscinodiscus) succinctus F c C 
Hemiaulus polymorphüs var. charkovianus C F F 
Hemiaufus tchemovii F F 
Hemiaulus polycysHnorum F F 
Melosira architecturalis c C F 
Paralia sulcata var. sibirica C c C C 
Paralia oamaruensis C c C F 
Pseudopodosira hyalina C c c C 
Pseudopodosira pyleiformis c c F 
Pyxilla gracilis F F 
Pyxidicula charkoviana F c F F 
Pyxidicuia johnsonii A F 
Pyxidicula aff. moellerî F F 
Thalassiosiropsis wittiana F 
Triceratium ventricosa F F 
Triceratium aff. kanaya var. îriloata R R 
Triceratium unguiculaîum R 
Tricacria excavata var. tetragona F F 

Silicoflagellates 
Dictyocha deflandrei F 
Mesocena oamaruensis F 
Naviculopsis constricta F 
Naviculopsis foliaceae F F 
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Table 9. — Stratigraphie range chart of nannofossils in Rudaevka (borehole 9540). Legend: see Table 1. 

Species/sample number 61-5 60-5 56 

Blackites spinosus C 
Chiasmolithus grandis F 
Chiasmolithus solitus C F F 
Chiasmolithus tituf F F F 
Clathrolithus spinosus F 
Coccolithus formosus R F 
Coccolithus pelagicus R R R 
Cyclicargolithus floridanus A A C 
Discoaster barbadiensis F F 
Discoaster bifax F 
Discoaster distinctus R F F 
Discoaster nodifer R F F 
Discoaster saipanensis F 
Discoaster strictus R 
Hslicosphaera bramlettei F 
Helicosphaera lophota F 
Neococcoliihes dubius C F F 
Pontosphaera duocavus F 
Pontosphaera multipora F F 
Reticuiofenestra umbilicus C F F 
Rhabdosphaera gladius F 

Table 10. — Stratigraphie range ehart of radiolaria In Rudaevka (borehole 9540). Legend: see Table 1. 

Species/sample number 60-5 59 53-5 51 50 49-5 47 45 43-5 39 35 33 

Stylodyctya hastata F 
Cenosphaera mitgarzi 
Thecosphaera minor R 
Heliodiscus heliasteriscus F 
Cfathrocyclas prindpi principi R 
Lithomelissa sp. A F 
Stylotrochus sp, F 
Hexacontium pachydermum 
Stylodyctya irregularis 
Petalospyris aff. dubia 
Clathrocyclas exiensa 
Theocorys reticula 
Heterosestrum formosum 
Heterosestrum tschuenkoi 
Stylospbaera coronata laevis 
Tripodiscinus îumulosus 
Hiphospira ocellata 
Thecosphaera californica 
Lithomelissa aff. haeckeii 
Cenosphaera micropora 
Cyrtophormis altus 
Perypyramis circumtexta 
Calocyclas semipolita 
Lophophaena sp. B 
Heliodiscus zonatus 
Theocyrtis andhashevi 

F 

C C 

F 
C C 

F 
F 
F F 
F C 
F C R 

F 
F 
F 
F 
F 

R 

F R 
A A C 

F R 

R 

A CA 

F 
C F 

F 

F 
A 
C 
C 
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Table 11. — Stratigraphie range chart of diatoms and silicoflagellates in Rudaevka (borehole 5420). Legend: see Table 1. 

Species/sample number 60-5 53-5 50 47 38 37 35 34 33 32 

Diatoms 
Aulacodiscus excavatus 
Aulacodiscus ketlen var fasciculatus 
Cerataulus deftandrei 

F 

F 
F 

F 

Corona retJnefvis F 
Coscinodfscus buHiens F F 
Coscinodiscus obscurus F F C C C C C R 
Coscinodiscos obscurus var. cancavus C A F C C C 
Coscinodiscus asteromphalus F 
Coscinodiscus decrascens F F 
Coscinodiscus decrescenoides 
Cosmiodiscus breviradiatus 
Cristodiscus suedndus F 

F F 
F 

F 

Cristodiscus duplex 
Craspedodiscus moelieri 

F 
F 

Craspedodiscus oblongus 
Hemiaufus polymorphus var. charkovianus 
Hemiaulus tchernovii 
Hyalodiscus radiatus 

F 
F 

F 

C 
F F C 

Mefosira architecturafis C F F 
Paralia oamaruensis C C F C 
Pseudopodosira hyalina F C C C C 
Pseudopodosira westii 
Pseudopodosira pyleyfortnis 
Pseudopodosira bella F 

C F 
F 

F 

Pyxilfa gracHis F 
Pyxidicula charkoviana 
Pyxidicula grunowii 

F C C 
F 

C 

Pyxidicula aff. moelieri 
Pyxidicula johnsonii 

F C 
F 

F F F F F F 

Pyxidicula marginata 
Pyxidicula megapora 

R 
F 

Triceratium kanaya var. trilobata 
Triceratium venîricosa 
Tricacria exca\rata 

F F 

Silicoflagellates 
Corbisema hastata globulosa F 
Corbisema iriacantha F F 
Dictyocha deflandrei 
Dictyocha spinosa 
Distephanus pentadonus F 

F 

Naviculopsis foliaceae C 
Naviculopsis constricta C 
Naviculopsis nordica c 
Corbisema triacantha F 
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Table 12. — Stratigraphie range chart of radiolaria in Boguchar {borehole 5-93). Legend: see Table 1. 

Species/sample number 63-4 62-1 60-1 31-5 31 30 23-4 17-4 16 12 11 

Thecosphaera cafifornica F 
Calocyclas semipolita C 
Hefiodiscus heliasteriscus C 
Lychnocanium bellum F 
Artostrobus aff. annulatus F 
Stylodyctya irregularis A 
Petalospyris dubia C F 
Lithomelissa haeckeli F F 
Hexacontium pachydermum 
Hexacontium sp. 

R F F F F F 

Spongomelissa sp. 1 
Lithomelissa sp. A 

C 

Stylosphaera coronaîa coronata C F 
Heliodiscus dupla F 
Tripodiscinus aff. vanus 
Heterosestrum formosum 

F 
C 

Stylotrochus radiatus C C C 
Heterosestrum thcuer)koi 
Heterosestrum shabalkini 

R 
R R 

Clathrocyclas taiwanii 
Cenosphaera mitgarzi 
Theocyrtis iiîhos C 

F F 
R 

Theocorys reticula A 
Artobotrys non/egiensis F 
Lithomelissa stigi 
Peripyramis anoetum R 

C 

Lithelius spiraiis 
Thecosphaera minor 

R C C C 
R 

Cyriophormis alta C R F 
Tripodiscinus tribrachiatus F F R 
Tripodisciunus kaptarenkoi F C 
Theocyrtis andriashevi R F F 
Haliomma immensa 
Calocyclas asperum R 

A 
C 

Rhodosphaera donensis R C 
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Table 13. — Stratigraphie range chart of diatoms and silicoflagellates in Boguchar (borehole 5-93). Legend: see Table 1. 

Species/sample number 63-4 62-1 60-1 29-5 28-2 24-2 17-1 15-1 

Diatoms 
Actinoptychus intermedius 
Aulacodiscus excavaius F 

F F 

Aufacodiscus keHeri var. fasciculatus 
Aulacodiscus inflatus 
Azpeitia atf. ofigocenica 

F 
R 

F 
Brightwelfia sp. 
Cerataulus deflandrei F 

R 
F 

Corona retinervis F F 
Coscinodiscus bulfiens F F F 
Coscinodiscus obscurus C C F F 
Coscinodiscus obscurus yar. cancavus F C C 
Coscinodiscus asteromphalus 
Coscinodiscus decrescens F 

R 

Coscinodiscus marginatus 
Coscinodiscus decrescenoides F F 

F 

Cosmiodiscus breviradiaius 
Cristodiscus succinctus F F 

F F 

Cristodiscus duplex F F 
Craspedodiscus moollen F 
Craspedodiscus oblongus F C C 
Hemialus polycystinorum F F F 
H. polymorphus var. charkovianus F F C 
Hyalodiscus radiatus R F F 
Melosira architecturalis F F F C C 
Paralia sulcata var. sibirica C C 
Paralia oamaruensis F C R 
Pseudopodosira hyalina C F C C F 
Pseudopodosiia pyieytormis F F C F 
Pseudopodosira bella C 
Pyxilla gracilis F F F 
P. oligocenica var. oligocenica F F 
Pyxidicula charkoviana F F F C C 
Pyxidicula gmnowii F 
Pyxidicula aff. moelleri F F F 
Pyxidicula johnsonii 
Pyxidicula crenata 
Pyxidicula megapora 

F 

F F 
F 

Pyxidicula spinodissima 
Stellarima mucrotrias F F 

R 

Triceratium ventricosa F F C 
Triceratiumatf. kanayayar. triloata F 
Tricacria excavata 
Tricacria exsculpta 

F F 
F 

F 

Silicoflagellates 
Corbisema hastata globulosa F 
Corbisema enermis F 
Dictyocha deflandrei 
Dicîyocha spinosa 
Dictyocha hexacantha 

F 

F 
F 

Disîephanus pentagonus 
Naviculopsis foliaceae 

F 
C 

Naviculopsis constricta F 
Naviculopsis nordica C 
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